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(54) Optical assembly 

(57) An optical assembly comprises a lens housing 
(24), an objective lens (21 ) mounted in the lens housing, 
and a stop (22) located in the lens housing. The stop 
(22) has a first surface (25) facing towards the objective 
lens (21 ), and this first surface is adapted to present in- 
formation to a user viewing the first surface through the 



objective lens. The information presented is therefore 
visible to the user, but not exposed to wear and tear or 
tampering. This arrangement is particularly useful in a 
camera with a digital sensor, particular a low cost digital 
camera with a sensor such as a CMOS sensor. Such an 
arrangement can advantageously be used for a camera 
provided as an eye of a toy. 
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Description 

Field of Invention 

[0001] The invention relates to an optical assembly, 5 
and to methods by which such an optical assembly can 
be fabricated. The invention is particularly relevant for 
use in a small camera or other imaging device, particu- 
larly for a camera or imaging device which uses a low 
cost electronic sensor. 

Prior Art 

[0002] The essential elements of a camera are a lens 
system to focus light on to an image plane, together with 
a sensor located at that image plane. Initially, this "sen- 
sor" was photoresponsive film. For many applications it 
is now desirable to have a sensor which has electrical 
signals as an output (such as charge coupled detectors 
(CCD)). It is particularly desirable for this sensor to have 
a digital output, as it is particularly easy to transfer digital 
data from one device or application to another, and dig- 
ital data can be stored and transferred with high fidelity. 
[0003] The versatility of use possible with digital sen- 
sors has been restricted, because conventional digital 
sensors have been relatively expensive. However, im- 
provements in technology have now reduced the cost 
of such sensors. A particularly advantageous sensor 
type is the CMOS sensor, of which an example is de- 
scribed in EETimes, October 12, 1 998, Issue 1030. Sen- 
sors of this type can be produced to be particularly in- 
expensive. The existence of cheap digital optical sen- 
sors opens up new possibilities for sensor application. 
[0004] The basic design of a camera system using a 
CMOS sensor is shown in Figure 1 . The details shown 
would be substantially similar if another sensor type 
were chosen. The elements of this camera system will 
now be described. 

[0005] The sensor 16, mounted on a PCB substrate 
1 8, is electrically connected to the substrate by connec- 
tors 17. The camera system may be in communication, 
or adapted to communicate, with other system elements 
through electrical connection to PCB substrate 18. The 
sensor 16 and substrate 18 are mounted in a sensor 
housing 1 5 (in alternative designs the PCB substrate 1 8 
may be larger and not N within M a sensor housing in this 
way - provided that means are provided to ensure that 
unwanted light does not reach the sensor) . The sensor 
housing 15 is engaged with lens housing 4 - in the ar- 
rangement shown, this engagement is adjustable (with 
screw thread 10) to allow for focussing. Typically, the 
engagement will be either fixed on assembly (possibly 
after a focus adjustment step during assembly), but play 
may be allowed for limited user adjustment depending 
on design 

[0006] The lens housing 4 holds a first lens 1 (typically 
the main objective lens), which here is held in the hous- 
ing by retaining ring 19. Both housings 15, 4 and the 



retaining ring 19 can be conveniently produced as plas- 
tics mouldings. Additional optical elements 3 required 
for satisfactory imaging onto the sensor 1 6 are mounted 
within the housing. Depending on the imaging required, 
there may be none, one or more discrete optical ele- 
ments used for this purpose in addition to the objective 
lens 1 . Typically, such a system will also need an aper- 
ture stop 2 to limit the amount of light entering the sys- 
tem. Such stops are generally thin sheets of metal, col- 
oured black. Here, both stop 2 and additional optical el- 
ements 3 are fixed within lens housing 4, but in alterna- 
tive arrangements one or both of these may be adjust- 
able - normally, however, only adjustment of size of the 
stop 2 is required, rather than adjustment of its position. 
[0007] This camera system design is cheap and flex- 
ible, and therefore is useful for a range of different ap- 
plications for which the cheap digital sensor is suited. 
However, it is desirable to improve further the versatility 
and value of this system so that il can be optimised for 
a range of differing applications. 

Statement of Invention 

[0008] Accordingly, the invention provides an optical 
assembly, comprising: an optical element at a first end 
of the optical assembly to receive light entering the op- 
tical assembly; and a stop, located in the optical assem- 
bly between the first optical element and the second end 
of the optical assembly, wherein the stop has a first sur- 
face facing towards the optical element, and wherein the 
first surface is adapted to present information to a user 
viewing the first surface through the optical element. 
[0009] The information presented to the user may re- 
late to the nature or operation of the optical assembly, 
or of a device of which the optical assembly is a part, or 
in other embodiments may relate to the visual signifi- 
cance of the optical assembly with respect to other vis- 
ibly associated elements. An example of this is where 
the optical assembly is designed to resemble an eye. 
This may advantageously be used as a way to locate a 
camera within a toy (the camera appearing as the eye 
of the toy). In this case, it is advantageous for the stop 
to resemble the iris of a human or animal eye. 
[0010] One mechanical means for varying iris colour 
in humans is known - use of tinted contact lenses. The 
present invention however involves a different optical 
component (the slop, rather than the lens) to provide the 
desired visual effect - moreover, although it is known for 
lenses to be tinted for different purposes, the stop is also 
a component that is customarily provided as black (typ- 
ically a matt black). 

[001 1 ] The stop may be fixed or adjustable relative to 
the lens housing - the stop may also be adjustable in 
itself (as an iris diaphragm). If fixed relative to the lens 
housing, the stop may be attached directly to an optical 
element of the assembly - preferably to the objective 
lens The stop may either be bonded to such an optical 
element, advantageously by use of an index-matching 
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cement, or may even be printed directly onto the optical 
element. The stop need not be provided for any specific 
technical purpose - the term "stop" in this case applies 
to substantially any aperturing element type that can be 
provided within such an optical system. 
[0012] As indicated above, it is particularly useful for 
the optical assembly described above to be provided as 
a part of a camera. A particularly appropriate form of 
camera is one with a sensor which provides digital pixel 
output - a particularly suitable sensor for a low cost cam- 
era of this type is a CMOS sensor. 

Description of Figures 

[0013] Specific embodiments of the invention will now 
be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 shows a sectional view of a camera system 
adapted for use with a digital optical sensor; 

Figure 2A shows a sectional view of a lens assem- 
bly according to a first embodiment of the invention, 
and adapted for use in a camera system as shown 
in Figure 1 ; Figures 2B and 2C show the assembly 
of Figure 2A viewed along the axis of the lens as- 
sembly, and illustrate alternative forms of stop for 
use in the lens assembly; 

Figure 3A shows a sectional view, and Figure 3B 
show a view normal to the lens axis, of a lens as- 
sembly according to a second embodiment of the 
invention, and adapted for use in a camera system 
as shown in Figure 1; 

Figure 4A shows a sectional view of a lens assem- 
bly according to a third embodiment of the inven- 
tion, and adapted for use in a camera system as 
shown in Figure 1 ; Figure 4B shows the lens ele- 
ment of Figure 4A in detail; and 

Figure 5A shows a sectional view of a lens assem- 
bly according to a fourth embodiment of the inven- 
tion; and adapted for use in a camera system as 
shown in Figure 1; Figure 5B shows the lens ele- 
ment of Figure 5A in detail in the process of fabri- 
cation. 

Description of Specific Embodiments 

[0014] Although the present invention is clearly not 
limited to the two-part housing of Figure 1 - it can be 
used in a fully integrated housing, or in an arrangement 
optimised for a different form of sensor (such as photo- 
graphic film 5 or even the human eye) - the different em- 
bodiments shown can all be illustrated effectively in the 
context of the Figure 1 arrangement. Specifically, the 
embodiments of the invention shown are provided as 



4 

lens housings which can be used as alternatives or 
equivalents to the lens housing 4 of Figure 1 . 
[0015] Figure 2A shows a first embodiment of the in- 
vention which closely resembles the lens housing 4 of 

5 Figure 1 . Lens housing 24 has fixed within it an objective 
lens 21 retained in place by a retaining ring 29. Also fixed 
(or possibly integral) within the lens housing 24 are a 
stop 22 and an additional optical element 23. In these 
aspects, lens housing 24 resembles lens housing 4 of 

10 Figure 1 . The significance of the different optical ele- 
ments 21, 23 can vary depending upon the desired 
structure - for example, objective lens 21 may be re- 
placed by, for example, an optical flat, in which case op- 
tical element 23 could be the main objective lens for the 

is system. 

[0016] Stop 22 differs from stop 2 of Figure 1 in that 
it is not simply a black ring. As viewed to an observer 
from the objective lens side, stop 22 presents visual in- 
formation. In this case, the information is provided by 
20 surface 25 of stop 22. Surface 25 could be provided by 
printing, for example - alternatively, the whole structure 
of stop 22 could be constructed so as to present infor- 
mation to the observer. 

[0017] The significance of this is apparent from Fig- 

25 ures 2B and 2C, which show the arrangement of Figure 
2A from the position of this observer - Figures 2B and 
2C differ only in the information presented by surface 25. 
[0018] In Figure 2B, the information provided by sur- 
face 25 relates to the characteristics of the objective lens 

30 21 . Conventionally, such information is typically provid- 
ed on retaining ring 19 or more often on an external sur- 
face of the lens housing 4, but positioning of the infor- 
mation on surface 25 has certain advantages. One such 
advantage is that the information will be more clearly 

35 visible to the observer (especially in designs in which 
retaining ring 19 is narrow or is omitted altogether), as 
it will be magnified by the objective lens 21 and will be 
protected from external wear and tear. The protection 
from external wear and tear, and tampering, also makes 

40 this a particularly effective position to display trade mark 
information, product codes, and any other information 
needed to identify the assembly. Clearly, information 
presented need not relate to the objective lens 21, but 
could relate to the optical assembly as a whole or to any 

45 device or system of which it is a part. Information is also 
not limited to identification - this may also be a medium 
for providing instructions for use. 

[0019] Figure 2C illustrates an alternative surface 25 
in which information is presented which contributes to 

50 the functional role played by the optical assembly. I n this 
case, surface 25 is given the pattern of the iris of an eye. 
This is particularly appropriate if the optical assembly is 
intended to have the appearance of an eye, as, for ex- 
ample, if the assembly is part of a camera located at the 

55 eye of a child's toy (such as a teddy bear or other stuffed 
animal) or other entities with "vision" - an example of 
such a use is the NEC R100 robot, described in, for ex- 
ample, Electronics Weekly No. 1924, Wednesday, Sep- 
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tember 8, 1999). Iris patterns are clearly not the only 
kind of functionally relevant information that could be 
provided in such arrangements - another example 
would be use of an appropriately coloured stop surface 
25 to camouflage a camera for use in a particular envi- 
ronment or item. 

[0020] Figure 3A shows a second embodiment of the 
invention, similar to that of Figure 2A, but illustrating cer- 
tain alternative features. The arrangement of Figure 3A 
allows for user adjustment of particular components. 
The objective lens 31 is held fixed in the lens housing 
34 by retaining ring 39, but the stop 32 and the additional 
optical component 33 are both mounted on a screw 
thread, and can be moved along a matching screw 
thread 38 within the barrel of the lens housing 34. When 
in appropriate positions, the stop 32 and the additional 
optical component 33 can be fixed in place with fixing 
screws 36. Typically such adjustment will only be re- 
quired for factory configuration of the component. For 
user adjustment of such features, it is desirable to em- 
ploy an easily controlled zoom function (for example, an 
electronically controlled zoom). 

[0021] In this embodiment, as is shown by the view 
along the optical axis from the objective lens side as de- 
picted in Figure 3B, the possibility of adjusting the stop 
size is also provided. The stop 32 is provided as an iris 
diaphragm, adjustable manually by lever 37 (alterna- 
tively, lever 37 could be replaced by electronic control, 
perhaps from the controlling electronics for an associ- 
ated camera sensor). In this example, the surface 35 is 
again patterned to resemble the iris of an eye. In use, 
an extremely realistic "iris" will result, as the iris dia- 
phragm stop 32 not only resembles the iris of an eye 
visually but also in function. 

[0022] Where stop 32 is not fixed or integral to the lens 
housing 34, if the disposition of the other components 
allows, then stop 32 can be replaced with an alternative 
stop with a different information surface 35 (or conceiv- 
ably provided with a replacement information surface 
35). 

[0023] Figure 4A shows a third embodiment of the in- 
vention. In this case, the objective lens and the stop are 
fused together (with an additional optical element) in a 
fused lens assembly 48. Other elements of the lens 
housing 44 are essentially as shown in preceding em- 
bodiments. This assembly is shown in more detail in Fig- 
ure 4B. 

[0024] As can be seen from Figure 4B, the stop 42 
with its information presenting surface 45 is retained be- 
tween the objective lens 41 and the additional optical 
element 43 (here shown as a flat, though clearly alter- 
native elements would be possible). The stop 42 is held 
in position by a layer of index-matching cement 47 which 
(together with the stop 42) fills the space between the 
facing optical surfaces of the objective lens 41 and the 
additional optical element 43. 

[0025] A still further alternative is for the stop not to 
be an independent element, but instead formed upon or 



in association with one of the other elements in Ihe sys- 
tem. It would be possible to form the stop in this way 
upon an additional optical element as shown in the pre- 
ceding embodiments, but a particularly effective solu- 
5 tion is to form the stop upon the rear side of the objective 
lens itself. Such an arrangement is shown in Figure 5A. 
[0026] The arrangement of Figure 5A resembles that 
shown in the first and second embodiments, but differs 
in the construction of the objective lens 51 and the stop 
10 52. The stop here is formed on the rear (internal to the 
lens housing 54) face of the objective lens 51 . 
[0027] The stop 52 can be formed on the objective 
lens 51 by essentially any appropriate means. This ap- 
proach can be used to reduce the overall cost and corn- 
's piexity of the system, as one fewer physically distinct 
component is used than where a separate stop is pro- 
vided. There is, however, an extra fabrication step for 
the objective lens. A particularly appropriate method of 
forming the slop 52 is by printing onto the objective lens 
20 51 . Figure 5B shows the printing of stop 52 by layers 
52A : 52B onto the rear surface of the objective lens 51 
by means of a print head 58. These layers could be, for 
example, different patterns, different colour layers, or 
materials adapted to promote layer adhesion, for other 
25 pigmentation purposes, or for lightproofing). The objec- 
tive lens 51 is held in position by a chuck 57 while the 
print head 58 reciprocates, 

[0028] In the Figure 5B arrangement, the stop 52 is 
printed only on a part of the objective lens 51 - this is 

30 appropriate if the objective lens 51 is already finished. 
An alternative approach which may be used to give high- 
er lens quality is to leave at least a final grinding step in 
the fabrication of the lens until after the stop 52 has been 
deposited. If this is done, the stop 52 may be deposited 

35 over all the rear surface of the objective lens 51 , and 
then ground away over an optical part of the surface. 
[0029] It will be understood by the skilled man that 
there a wide array of well known printing and other proc- 
esses by which the stop 52 may be provided with ap- 

40 propriate information for presentation to the user. 

[0030] As can be seen from the different embodi- 
ments described, the< invention can be used to enhance 
the function of an optical assembly or to provide useful 
or necessary information about the assembly itself (or 

45 a system of which it is a part). It will be appreciated that 
the person skilled in the art could devise further embod- 
iments of the invention forthese or other purposes using 
the principles described above. 

so 

Claims 

1. An optical assembly, comprising: 

55 an optical element at a first end of the optical 

assembly to receive light entering the optical 
assembly; 
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a stop, located in the optical assembly between 
the first optical element and the second end of 
the optical assembly, wherein the stop has a 
first surface facing towards the optical element, 
and wherein the first surface is adapted to 5 
present information to a user viewing the first 
surface through the optical element. 

2. An optical assembly as claimed in claim 1 , wherein 
the optical assembly further comprises a lens hous- io 
ing s wherein the optical element and the stop are 
located within the lens housing. 



14. A camera as claimed in claim 13, wherein the sen- 
sor element is an optical detector which provides 
digital pixel values as an output. 

15. A camera as claimed in claim 14, wherein the sen- 
sor element is a CMOS sensor. 

1 6. A camera as claimed in any of claims 1 3 to 15 where 
dependent on claim 6, wherein the camera is adapt- 
ed for use as the eye of a toy. 



3. An optical assembly as claimed in claim 1 or claim 

2, wherein the optical element is an objective lens. *5 

4. An optical assembly as claimed in any preceding 
claim, wherein the information presented to the user 
relates to the nature or operation of the optical as- 
sembly, or of a device of which the optical assembly 20 
is a part. 

5. An optical assembly as claimed in claim 1 , wherein 
the optical assembly is adapted to be mounted in . 
an other object, and wherein the information pre- 25 
sented to the user relates to the appearance of the 
other object. 

6. An optical assembly as claimed in claim 5, wherein 

the visual significance of the optical assembly is as 30 
an eye. 

7. An optical assembly as claimed in any preceding 
claim, wherein the optical assembly comprises one 

or more additional optical components. 35 

8. An optical assembly as claimed in any preceding 
claim, wherein the stop is an iris diaphragm. 

9. An optical assembly as claimed in any preceding 40 
claim, wherein the stop is fixed to an optical element 
located in the lens housing. 



10. An optical assembly as claimed in claim 9, wherein 

the optical element is the objective lens. 45 

11. An optical assembly as claimed in claim 9 or claim 
: 10, wherein the stop is fixed to the optical element 

by index matching cement. 

; v so 

i 12. An optical assembly as claimed in claim 9 or claim 

10, wherein the stop is affixed to the optical ele- 
t ment. 

, 13. A camera, comprising an optical assembly as ss 

claimed in any preceding claim and a sensor ele- 
ment on to which light received through the objec- 
tive lens is focussed. 
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Figure 2B 
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Figure 2C 
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